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ABSTRACT 
Dentists have been using CAD/CAM technology to fabricate custom posts 
and cores. However, most of these cases used impression material as a way to 
indirectly scan the canal. The aim of this study was to evaluate the capability of 
CEREC CAM/CAM machine to directly scan simulated canal blocks without an 
impression and which of the following factors affected the accuracy of fit; taper, 
length and tip diameter. Material and methods: 32 epoxy resin blocks with post 
space simulator were made from metal post templates to resemble post space 
preparations. Three factors were considered in-group variations; length of the post, 
taper and diameter of the post’s tip. Eight groups of four specimens each were 
milled from acrylic blocks using the CEREC CAD/CAM system and one extra 
group of one specimen each was for cast post fabrication. Group A (Length = 8mm, 
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taper = 4o, tip diameter = 0.8mm), Group B (Length = 8mm, taper = 4o, tip diameter 
= 1 mm), Grope C (Length = 8mm, taper = 6o, tip diameter = 0.8mm), Group D 
(Length = 8mm, taper = 6o, tip diameter = 1 mm), Group E (Length = 10 mm, taper 
= 4o, tip diameter = 0.8mm), Group F (Length = 10 mm, taper = 4o, tip diameter = 
1 mm), Grope G (Length = 10mm, taper = 6o, tip diameter = 0.8mm), Group H 
(Length = 10mm, taper = 6o, tip diameter = 1mm). Each block, with its cemented 
post was sectioned in a coronal-apical direction. An image was recorded for each 
slice. Cement thicknesses were measured in four areas. The results showed that 
group E and D have the smallest cement thickness with 84 and 89 microns 
respectively. Both groups shared a tip diameter of 1mm. This result is within the 
clinically acceptable limit of the cement layer around the posts and is comparable 
to the cast group in our study. Tip diameter and length significantly affected the 
cement thickness in an inverse relationship. 
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Chapter One 
Introduction 
Post and Core  
1.1 Overview  
Some situations require the placement of a post and fabricated core onto a tooth before a 
successful restoration can be started.  The most common problems are excessive caries, 
and fractured coronal surfaces.  Dental caries is a process that attacks tooth structure and 
gradually destroys it, leaving a compromised structure without enough tooth surface to 
hold a restoration. Another factor that can cause compromised tooth structure is fracture. 
Depending on the amount of remaining coronal tooth structure, a restorative method can 
be determined. If the remaining coronal structure is insufficient to hold the restoration, a 
core must be made over which the prosthetic crown will be placed (1). The post is either a 
custom or a preformed rod that is fitted and cemented into the root canal of an 
endodontically treated tooth for core retention (2). (Figure 1). 
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Figure 1. Endodontic restoration with prefabricated post (a) and cast post-core (b) (3).  
 
1.2 Factors Determining Post Selection 
Most of the literature focused on the post-core unit when restoring endodontically treated 
teeth. The purpose of the post is only to retain the core. However, various factors influence 
post selection. According to a review article by Fernandes et al., the factors influencing 
post selection are root length, tooth anatomy, root width, canal configuration, amount of 
coronal tooth structure, torqueing force, stresses, development of hydrostatic pressure, post 
design, post material, material compatibility, bonding capability, core retention, 
irretrievability, esthetics, and crown material (4). 
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1.2.1 Root Length 
Post length can be determined by the length and shape of the remaining root (5). Studies 
showed that better retention and stress distribution is correlated with greater post length (5-
9).  However, in some cases when the remaining root is short or curved, using a long post 
is not possible. Apical seal is important and can be maintained by preserving 3-5 mm of 
apical gutta-percha (10).  Investigators have reported that the retention of a post is 
significantly affected by its length, and the more deeply the post is inserted, the more 
retentive it becomes (8). The definition of post retention is the ability of a post to resist 
vertical dislodging forces. It is most influenced by the post’s length, and taper, and least by 
its diameter (8). 
1.2.2 Tooth Anatomy 
The anatomy of the tooth and its characteristics such as root curvature, labio-lingual 
dimension and mesio-distal width affect post selection. Preparation of a large space for the 
post presents the risk of apical or lateral perforation. Root size and length must be 
considered prior to post preparation (11). A radiographic evaluation of the root anatomy 
will help in avoiding catastrophic damage to the root during post space preparation.  
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1.2.3 Post Width 
Extensive preparation of the post space increases the chance of perforation, and lessens the 
restored tooth’s ability to resist fracture (12,13). Investigators examining post diameter 
have recommended various approaches. Lloyd and Palik (14) summarized these 
approaches into 3 categories; conservationist, preservationist and proportionist (Figure 2). 
A suggestion has been made by Stern and Hirshfeld (14) to maintain a post width not 
greater than one third of the root width at it is narrowest dimension. This approach is 
standard for the proportionists’ approach that intends to preserve sufficient tooth structure 
around the post.  In the preservationist approach, the post has to be surrounded by a 
minimum of 1mm of sound dentin (14). Others, recommend the conservative approach 
where only minimal instrumentation of the canal after removal of gutta-percha is 
performed (14). It was shown that increasing the diameter of the post does not provide a 
significant increase in the retention of the post (8,15). Therefore the diameter of a post must 
be controlled if one is to preserve as much of the radicular dentin as possible to reduce the 
potential for fracture or perforation (16). It is not recommended to increase a post’s 
diameter to slightly increase the retention.  
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Figure. 2. This cast post and core had adequate length for retention, but failed because of 
the lack of resistance form. (17) 
 
Figure 3. The philosophies of dowel diameter preparation (labial view of left mandibular 
canine). (14) 
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1.2.4 Canal Configuration and Post Adaptability 
Deciding to choose between a custom-designed and prefabricated post presents a dilemma. 
The canal configuration, post adaptability and the location of the tooth in the dental arch 
all influence the decision. (18,19).  Several post-and-core systems are available in the 
market. These systems are well documented in the literature and no single system provides 
the complete solution for every clinical circumstance. For a tooth with a thin root or a 
delicate morphology, a tapered post is more favorable than a parallel post because tapered 
files prepared the root canal during endodontic treatment, and using a tapered preparation 
will remove less dentin compared to parallel preparation. However, studies showed that 
parallel posts are more retentive than tapered posts. (8,20,21) 
1.2.5 Coronal Structure 
The resistance form of a post is the ability of the post and tooth to withstand lateral and 
rotational forces. Resistance form is influenced by the remaining tooth structure, the post’s 
length and rigidity, the presence of anti-rotational features and the presence of a ferrule 
(17). Barkhordar (22) showed that at least 1.5 to 2 mm of the tooth structure above the 
restoration margin will reinforce and achieve the resistance form.  
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1.2.6 Post Types 
Posts can be categorized in many ways. The simplest is perhaps to categorize them 
according to their design, material and fabrication process.  
A) Design:  
1- Parallel Versus Tapered Posts 
Parallel posts are more retentive and distribute the stress uniformly along the 
post length (8,9,20). Parallel posts cause less wedging effect, and this leads to 
less stress into the root. With parallel posts the stress is concentrated at the apex 
of the post, due to unnecessary removal of tooth structure at the apical end and 
the sharp angles of the post (23,24). On the other hand, tapered posts follow the 
natural shape of the canal. Coupled with the the fact that currently all 
endodontic files are tapered, tapered posts allow optimal preservation of the 
canal’s dentin especially at the apical end.  However, studies showed that this 
design causes more wedging effect compared to the parallel design, that the 
stress is concentrated in the coronal part of the root, and they have less retentive 
strength (20,25,26). A parallel-tapered design is available, where the post is 
parallel throughout most of its length, except in the apical part where it becomes 
tapered. This design combats the unnecessary removal of dentin in the apex and 
gives sufficient retention because it’s mostly parallel (24). 
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Figure 4. A schematic drawing of the stress produced by A) tapered post: resulting in high 
stress in in the coronal part. B) Parallel post: resulting in high stress in the apical part due 
to unnecessary removal of dentin. C) Parallel-tapered design. (27) 
 
2- Active Versus Passive Posts  
Active posts are threaded. The mechanical engagement of the post with the wall 
of the canal achieves the highest retention among post surface characteristics 
followed by serrated, with smooth surface posts showing the least retention 
(25). Active posts put more stress into the canal than passive posts, since the 
later depend on luting agents to gain their retention. (28-30). Active posts 
should be limited to cases with short roots where retention is hard to achieve 
with passive posts. 
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B) Material: 
The ideal material for use inside the canal should have physical properties 
similar to that of dentin, be biocompatible, easy to bond to tooth structure, and 
easy to remove in case of failure and retreatment (31). Such material doesn’t 
exist yet. Posts are typically made of metal alloys or nonmetallic materials; they 
have different physical properties and exhibit different fatigue behavior from 
dentin (4). Several studies (12,32,33) have examined various post and core 
systems and compared failure mode and rigidity. The commonly used materials 
in post fabrication, with their advantages and disadvantages are listed in Table1. 
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NON-METALLIC POSTS 
Type Advantage Disadvantage 
Carbon Fiber More flexible than metal 
with approximately same 
modulus of elasticity to 
dentin. Most fiber posts 
failures are restorable. 
(4,17) 
Old versions of fiber posts 
were dark, which may be a 
problem in esthetic zones. 
However, newer versions 
are white. 
 
         Quartz Fiber & Glass Fiber 
 
They are relatively 
radiolucent which makes 
them a good choice in 
esthetic zones, and are 
flexible resulting in fewer 
root fractures. 
 
 
Has lower strength 
compared to metal posts.  
Ceramic and Zirconium White and/or translucent. 
Good in anterior teeth 
where esthetics is a factor. 
Weaker than metal posts. 
Can’t bond composite core. 
Difficult to retrieve. (34) 
METALLIC POSTS 
Type Advantage Disadvantage 
Stainless steel, titanium and gold 
 
Resist greater forces 
because of its rigidity 
compared to fiber posts.   
Dark appearance due to the 
metal shade. 
Usually associated with 
unfavorable modes of 
failure. 
Table 1: Commonly Used materials for post fabrication, their advantages and disadvantages. 
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Figure 5. A titanium alloy post (left) and stainless-steel post. (17) 
 
In the 1990s, carbon fiber posts were introduced and gained popularity; their main 
advantage was that they were more flexible than metal posts having a modulus of 
elasticity close to that of dentin (17). Originally they were dark, which was a 
problem when considering them for use in esthetic areas. Nowadays, a white 
version is available. Other fiber post types are available including glass fiber and 
quartz fiber posts. They are claimed to have the same advantages as carbon fiber 
posts with better esthetics. Most fiber posts are relatively easy to remove (35) and 
associated with a favorable mode of failure.  
Esthetics is the major factor that makes clinicians resist using metal posts in anterior 
teeth; the marginal gingiva may appear dark. For this reason, white and/or 
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translucent posts were developed. Zirconium and other ceramic materials are 
considered among this group; however, several disadvantages are associated with 
them clinically. As a group, they are very difficult to remove if endodontic 
retreatment is necessary or if the post fractures, some have been removed by 
grinding away the remaining post material with a bur, but this is a dangerous 
procedure. They tend to be weaker than metal posts and cannot be etched; therefore, 
using a composite core material to bond a ceramic post will compromise core 
retention (34). 
 
Figure 6. Examples of non-metal posts. From left: two zirconium posts, two glass fiber 
posts, two quartz posts, and a carbon fiber post. (17) 
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Figure 7. Radiographic images of the posts in Figure. 6. (17) 
 
C) Fabrication Process: 
Post and core fabrication processes can be either prefabricated or custom cast 
fabricated post and cores. Custom post and cores were the gold standard for many 
years and are still used by many clinicians as the preferable and most reliable 
option. Typically, they are made of metal alloys. Many studies report a high success 
rate with cast custom post and cores (36,37), and in some clinical situations they 
offer advantages, for example, if there is a misaligned tooth where the core must be 
angled in relation to the post to achieve proper alignment with the adjacent teeth. 
Cast post and cores also can be considered when restoring multiple teeth; it will be 
more efficient to make an impression and fabricate them in the laboratory rather 
than placing posts and making individual build-ups for each tooth as a chair-side 
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procedure. On the other hand, some in vitro and clinical studies (38,39) showed that 
custom cast post and cores do not perform as well as other types of posts. Also, 
they require two appointments to be done, incur laboratory fees and require 
temporization, especially in esthetic areas where a crown is needed. Temporary 
post/crowns are not effective in preventing contamination of the root-canal system 
(40,41). A barrier material should be placed to seal the orifice opening of the canal 
in order to prevent any contamination and the cast post and core should be 
fabricated and cemented as soon as possible.  
Prefabricated posts are typically made of various materials such as stainless steel, 
nickel chromium alloy, or titanium alloy. Recently, fiber posts have become more 
popular.  These include glass fiber, quartz fiber and carbon fiber posts. 
Prefabricated posts are a good choice in some clinical situations, for example, when 
esthetics is a major concern.  
1.3 Laboratory Assessment of Cement Thickness  
Dislocation-resistance of fiber posts depends mainly on the luting agent and the success of 
the luting procedure. According to a large number of studies, factors that can contribute to 
the dislocation resistance success or  failure of adhesive posts include the adhesive type, 
cement thickness, surface treatment of the posts and the luting protocol (42-45).  
Both qualitative and quantitative assessments are involved in adhesion testing; for instance, 
scanning electron microscopy (SEM) and transmission electron microscopy (TEM) are 
used to study the quality of the bond between the post-adhesive interface and between the 
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adhesive and the dentin interface (46). For quantitative assessment, the adhesion reliability 
can be represented by bond strength tests, based on the assumption that the stronger the 
bond between the tooth-material interface, the better the resistance to dislodgment or 
failure(46). 
Many laboratory tests were reported in the literature to evaluate posts’ retention, stress and 
load resistance as well as the size of the gap around the post and its effect on success. The 
following tests are the most common ones used.  
1.3.1  Conventional shear, tensile and micro- tensile bond strength tests  
For retention assessment of endodontic posts, push-out and pull-out tests were commonly 
used with the preference of the first one as being more comparable to clinical conditions 
according to Sudsangiam and Van Noort (47). In conventional shear and tensile tests, 
loading the entire post (48-50), or thick root section (51) in the push-out test will lead to 
non-uniform stress and result in low recorded strength (52). On the other hand, the micro-
tensile technique is credited with more closely reflecting the true interfacial bond strength 
by measuring adhesion to small surfaces, the capacity to assess local variations and having 
the ability to get multiple specimens from a single tooth (46). 
1.3.2 Thin-slice push-out test 
A series of 1-2 mm thick cross-section slices are prepared and compressively loading the 
post section within each slice with an adequately sized plunger until bond failure (46). This 
technique is useful because the investigator can look into the quality of the bond between 
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the material-tooth interface and differentiation of the bonding reliability at different root 
levels (coronal, middle and apical). This method was revealed as a more practical tool than 
micro-tensile technique for evaluating the retentive strength of luted posts (53). 
 
 
 
Figure 8. A schematic presentation of the thin slice push-out design for testing the 
interfacial strength of luted posts. (a) The portion of each root that contains the post is 
sectioned into five to six 1 mm thick slices with a diamond blade under water-cooling. (b) 
On each slice the post is loaded by a plunger which is sized and positioned so as to contact 
only the apical aspect of the post on loading, introducing shear stresses along the bonded 
interfaces. The load is applied in an apical-coronal direction until bond failure occurs and 
the post-fragment is extruded from the root slice. (46) 
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Clinically, cement thickness is not a subject for evaluation due to the lack of a method to 
assess it but clinicians can predict it by using a post that matches the post drill for pre-
fabricated posts. In cast post and cores, the thickness logically should be smaller because 
in both direct and in-direct techniques, the impression will preserve the original anatomy 
of the canal which will lead to minimal gap between the post and the dentin even if the 
canal is not round. 
In vitro, most of the studies have used analyses of sectioned samples that represent different 
parts of the post (coronal, middle and apical). In this technique the investigator can assess 
both cement thickness and the retentive ability of adhesive posts from the same sample and 
it is very accurate. However, this type of measurement results in destruction of the sample.  
To measure the cement gap under a light microscope, a line between the post surface and 
the sample wall will represent the gap at one point. Multiple points can be calculated to 
yield the mean gap. 
 
  18 
 
Figure.9. SEM micrograph (x40 magnification) showing the measurement points: 
L=lingual; ML=mesio-lingual; M=mesial; MB=mesio-buccal; B=buccal; DB=disto-
buccal; D=distal; DL=disto-lingual. OP=oval post; C=cement; De=dentin. (54)  
 
1.3.3 Rule of Cement Thickness in Success 
Debonding, or cement bond breakage is a common cause of failure of dental posts.  The 
failure could occur between the cement-post interface, the cement-dentin interface, or be a 
combination of the two. Multiple aspects of post pre-treatment were proposed; both 
chemical and micro-mechanical treatment prior cementation have been shown to improve 
bond strength at the post-cement interface (44,45). Other investigators studied the film 
thickness of the cement and its effect on the retention of the post, however, the literature 
does not offer a conclusive answer about the ideal thickness of cement to improve the 
retentive post bond strength. A study by Perdigao et al. and Perez et al. showed that 
increasing the post space coronally up to 700 microns and apically to 400 microns did not 
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affect the push-out bond strength (post retention) (55,56). D’Arcangelo et al. showed that 
the highest bond strength values were obtained when an appropriately oversized post space 
was used leaving a cement thickness between 100-300 microns around the post.  If the 
cement layer was too thick or too thin, the retention of posts is significantly decreased (57). 
Coniglio et al. compared the cement thickness in oval-shaped canals with different fiber 
posts systems and shapes, he found that with the best fit, the cement thicknesses apically, 
midpoint and coronally were 91.5, 122.15, 138.65 microns respectively (43). Current 
scientific literature lacks ideal cement thickness values for different types of posts, 
especially the conventional cast posts and cores, which are considered the gold standard.  
 
A key factor to achieve a successful restoration is proper selection of the cement.  Many 
cements have been introduced to the dental field starting with zinc oxide eugenol and zinc 
phosphate cement in the 1850s-1880s which were considered the ideal until now(58). In 
the mid-1970s, resin cements were introduced (59) with the advantages of high 
compressive/tensile/bonding strength, low solubility, and with desirable esthetics. Some 
studies showed that high film thickness is the major disadvantage of this material. 
However, Kious et al. (60) showed that the ISO standard of film thickness (25 microns) is 
achievable by all recently introduced dental cements for up to 2 minutes after mixing. Until 
now, there has been controversy as to whether or not a thin layer of the cement can improve 
the quality of retention. However, a thick layer of cement (beyond 300 microns) is not 
recommended and the capability of the cement is decreased with such thickness (61).   This 
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could be due to bubbles or voids formed within the material which are less likely to be seen 
in a thin and uniform layer of cement (57). 
 
CAD/CAM in Dentistry 
1.4 Overview  
Over the past 10-15 years, Computer Aided Design (CAD) and Computer Aided 
Manufacture (CAM) has revolutionized the face of dentistry and has become very popular 
(62). CAD/CAM technology has started to replace conventional laboratory methods of 
fabrication of dental restorations. Scientists and engineers have improved the accuracy and 
the quality of this technology which can be implemented by both dental offices and 
laboratories for fabrication of inlays, onlays, crowns, implant abutments and orthodontic 
devices(63). The ability to have a one-visit restoration with accurate margin adaptation, 
good anatomy and a choice of different shades available are the most important factors that 
may lead dentists and lab technicians to shift toward this technology. Additionally, the 
reduction of clinical and laboratory steps, makes CAD/CAM restorations attractive to both 
dentists and patients (63).  
CAD/CAM technology can be utilized in a number of different ways to help restorative 
dentists and dental technicians. For example, digital impressions can be used instead of 
traditional impressions; dentists can use the internet to send impressions directly to 
laboratories to do the milling. Alternatively, dentists can design and mill directly the final 
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restoration without the need of lab-technicians, or lab-technicians can use digital 
impressions to create stone models to do the restoration itself by traditional methods.   The 
technician can even choose to re-scan the model and design and mill the restoration using 
the same software.  
The quality of restorations from CAD/CAM technology continues to improve, and 
therefore, more research is needed for validation of different approaches and techniques 
utilizing this technology (64).  
1.5 History of CAD/CAM 
The aircraft industry was the first industry that developed Computer-aided design and 
manufacture in the 1960s. Ten years later the dental field adapted CAD/CAM technology.  
In 1971 Dr. Duret was the first person to make a restoration from an optical impression of 
a prepared abutment tooth, using a numerically controlled milling machine. At the French 
Dental Association International Congress in 1983 Dr. Duret presented and demonstrated 
his system. There he fabricated a posterior crown for his wife in less than an hour (62).  
In 1985, Dr. Mormann and Dr. Marco Brandestini introduced the idea of a digital 
impression using optics, and developed the first commercial chair-side CAD/CAM system 
for inlay fabrication, called CEREC “Computer-Assisted Ceramic Reconstruction” (65). 
1.6 Types of CAD/CAM 
Based on production methods, CAD/CAM systems can be classified as (66): 
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1.6.1 Chair-side / In office:  
Nowadays, this system has become very popular. Restorative dentists can deliver 
the final restoration in the same visit, by directly scanning a prepared tooth using an 
intraoral camera, design the restoration with software (CAD), and send the final design 
information to the milling machine for restoration fabrication (CAM). 
Examples:  
1) CEREC System (Sirona, Charlotte, NC, USA) 
2) E4D (D4D Technologies, Richardson, TX, USA) 
3) Lava Chairside Oral Scanner (3M ESPE, St Paul, MN, USA) 
4) Cadent iTero (Cadent, Carlstadt, NJ, USA)  
CEREC and E4D are both complete units that offer acquisition and milling machine 
systems, whereas Cadent iTero and Lava systems are chair-side designing systems that 
allow data acquisition only. They then transfer data to laboratories for milling.  
CEREC System (Sirona, Charlott, NC, USA) 
Known as the first commercial CAD/CAM system, it combined both scanning unit and 
milling unit together. It is possible to fabricate a single visit restoration with this system 
using prefabricated ceramic blocks.  CEREC 1 “Lemon” (Sirona Dental Systems GmbH, 
Bensheim, Germany) (Figure 7) was introduced in 1983 as the first version of CEREC with 
the concept of grinding inlays externally along the mesiodistal axis using a grinding wheel. 
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The first grinding trial used a feldspathic ceramic material (Vita Zahnfabrik, Bad 
Säckingen, Germany) (Figure 8).  The CEREC 1 software was developed by a French 
software engineer, Dr. Ferru, who was able to relate the anatomy of teeth to the inlay cavity 
in three planes: cavity margins, occlusal and proximal contacts (Figure 9). The program 
was able to mark the cavity floor, enter proximal and occlusal cavity margins, adapt the 
floor data and build up the proximal and occlusal surfaces. It was up to the dentist to 
develop the occlusal anatomy and occlusal contact by using a fine diamond. 
In 1994 CEREC 2 was introduced with an additional cylinder-shaped diamond bur that 
allows for grinding of partial and full crowns (Figure 10). Software was able to fabricate a 
crown and design the occlusion in three modes: exploration, correlation and function, but 
the design was still two dimensional (Figure 11).  
Later, in 2000, CEREC 3 replaced the wheel with the two-bur-system (Figure 12), and for 
high precision grinding and expanded bur life, a modification of the bur’s shape and 
diameter was done to create a smaller tip (Figure 13). Virtual display of the preparation in 
three dimensions and functional registration become more user friendly in the 2005 and 
2006 versions with CEREC 3, which included automatic adjustment for crown anatomy to 
preparation, proximal contacts and occlusion with its antagonist tool feature (Figure 14). 
In order to scan the prepared tooth or model, a special “titanium dioxide” powder spray 
must be used over the tooth before scanning for opacity and the creation of a uniformly 
reflective surface for accurate scanning (65). 
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In 2009, a new version, CEREC AD, was introduced to the market. This version has a 
hand-held acquisition camera, the “BlueCam,” a data acquisition device for this system 
which uses active triangulation through projection of an intense blue light from blue light-
emitting diodes (LEDs). This version has the ability to make half arch or full arch 
impressions and create veneers, crowns and fixed partial dentures. Special “titanium 
dioxide” powder is no longer required for the new camera, “Omnicam”, that utilizes higher 
intensity LEDs with shorter wavelengths. Several optical impressions of the prepared tooth 
are needed, along with images of adjacent teeth and opposing teeth for occlusion, in order 
for the system to create an accurate restoration. For dental laboratories Sirona offers the 
inLab system, which permits data from a digital impression to be transmitted to a dental 
laboratory to fabricate a final restoration (67). 
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Figure 10. CEREC Prototype Unit “Lemon” with Dr. Werner Mörmann (left) and Marco 
Brandestini. Mörmann WH. The evolution of the CEREC system. J Am Dent Assoc 2006; 
137(Suppl):7s–1  
  
 
 
Figure 11. CEREC 1 Water Turbine Drive Milling Machine. Mörmann WH. The evolution 
of the CEREC system. J Am Dent Assoc 2006; 137(Suppl):7s–1  
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Figure 12. CEREC 1 Software -from Mörmann WH. The evolution of the CEREC system. 
J Am Dent Assoc 2006; 137(Suppl):7s–1  
 
 
 
Figure 13. CEREC 2 Cylindrical Diamond Bur and Wheel -from Mörmann WH. The 
evolution of the CEREC system. J Am Dent Assoc 2006; 137(Suppl):7s–1  
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Figure 14. CEREC 2 Software -Mörmann WH. The evolution of the CEREC system. J Am 
Dent Assoc 2006; 137(Suppl):7s–1  
 
 
 
 
Figure 15. CEREC 3 Cylindrical Diamond and Tapered Burs Milling from Mörmann WH. 
The evolution of the CEREC system. J Am Dent Assoc 2006; 137(Suppl):7s–1  
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Figure 16. CEREC 3 “Step Bur”, WHICH REPLACED the Cylinder -from Mörmann WH. 
The evolution of the CEREC system. J Am Dent Assoc 2006; 137(Suppl):7s–1  
 
 
 
Figure 17. CEREC 3 Software -from Mörmann WH. The evolution of the CEREC system. 
J Am Dent Assoc 2006; 137(Suppl):7s–1  
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1.6.2 Laboratory 
 A lab-technician can use this system by fabricating a model or die for a prepared 
tooth and then scanning the die in his laboratory to fabricate the final restoration or 
framework. The technician can add stains and porcelain to the framework to get 
excellent esthetics.  
Examples:  
1) DCS President (Popp Dental Laboratory, Inc, Greendale, WI)  
2) Everest (KaVo Dental Corp, Lake Zurich, IL)  
3) Cercon (DENTSPLY Ceramco, York, PA)  
4) Cerec in-lab (Sirona, Charlotte, NC)  
5) LAVA (3M ESPE, St Paul, MN)  
1.6.3 Satellite 
This system depends on a network-machining center for outsourcing framework 
fabrication. Scanned data is sent to a machining/milling center via the Internet, and a stone 
model is produced, which is subsequently used for fabrication of high strength frameworks. 
This type of CAD/CAM system has become widely available because of the improved 
mechanical properties of ceramic blocks and the technically sensitive procedures required 
for fabrication of high strength frameworks. 
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1.7 Pros and Cons of CAD/CAM 
Patient and practitioner can benefit from CAD/CAM dentistry. However, this technology 
must meet the standard requirements and quality in order to be comparable or to replace 
the traditional methods.  
CAD/CAM theoretically offers a faster and easier way to scan an impression and fabricate 
restorations compared to the traditional method where it takes multiple steps such as 
pouring a cast, creating the wax up, investing wax patterns, casting and firing(68). The 
CEREC system from Sirona makes a full arch digital impression in 2 minutes and if the 
office has the milling machine (CAM), it is possible to fabricate the entire restoration 
immediately, and to deliver the restoration to the patient in one appointment. Digital 
impressions can eliminate the cost of the impression material and trays, saving time and 
reducing unpleasant parts of the process for the patient. Dental offices and labs can save 
the patient’s scanning impression as data on the computer which makes the tracking and 
reproducibility of restorations much easier and reduces both labor time and cost and 
increases patient satisfaction (69). 
The initial cost of CAD/CAM and software is high, as is the need to spend time and money 
on training. To get the maximum potential of the system, a large volume of restoration 
production is needed (63). Furthermore, digital scanning requires control of moisture and 
hemostasis and scanning of adjacent and opposing teeth.  
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1.8 Scanning Techniques 
Two different techniques for scanning are available 
1.8.1 Direct Scanning 
An intra oral camera is utilized for direct scanning of an object; the entire process is done 
without the need for impression materials or a model.  
1.8.2 Indirect Scanning 
This technique requires a dental stone cast that replicates the patient’s teeth. A digital 
impression is done for the stone cast and fabrication of the restoration on the computer. 
This technique is very popular and good for dental technicians and laboratories since the 
dental stone cast is considered the starting point.  
1.9 Accuracy of Direct vs. Indirect 
It is well known that conventional physical impressions undergo dimensional changes. 
Intraoral data acquisition is a good way to overcome this problem.  The direct scanning 
method can theoretically lead to a more accurate final restoration. Multiple studies support 
this idea, such as Guth et al. when they evaluated the accuracy of direct vs. indirect data 
acquisition methods of digital models (70). The conclusion of this study was that a chair-
side oral scanner (15 ± 6µm) was significantly more accurate than indirect digitizing 
methods, which utilized a polyether impression and gypsum cast (23 ± 9µm and 36 ± 7µm 
respectively). Luthardt et al. also used the CEREC system to compare the marginal 
accuracy of direct and indirect scanning. He concluded that indirect scanning is more 
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accurate than direct scanning (70,71). 
 
Aim of The Study 
To determine the feasibility of satisfactory fabrication of dental posts using a new method 
by scanning the canal directly, without the need of an impression, using the CEREC 
CAD/CAM system (inEos Blue scanner, CEREC 3, Sirona, Germany) and acrylic blocks, 
and to determine which factor from the following affects the accuracy of fit more, taper, 
length or tip diameter of the post. 
Objectives 
1- To determine a protocol to fabricate a custom dental post without the 
need of an impression using the CEREC CAD/CAM system.  
2- To assess the accuracy of fit of fabricated posts in spaces created in vitro 
and to determine which factor affects the accuracy of fit the most. 
 
 
 
 
 
  33 
Chapter Two 
Materials and Methods 
Experimental Design Overview 
40 epoxy resin blocks with post space were made from metal post templates to 
resemble typical post space preparations. Three factors were considered in-group 
variations; length of the post, taper and diameter of the post’s tip. Eight groups of four 
specimens each were milled from acrylic blocks using the CEREC CAD/CAM system and 
one extra group of one specimen each was made for cast post fabrication. For the 
CAD/CAM groups, each block was scanned individually and a post was milled out of an 
acrylic block. Afterwards, all posts were luted. Each block was cross sectioned in a coronal-
apical series to obtain 2 mm-thick horizontal slices of the posts spaces, using a low-speed 
diamond saw under water cooling. Each section was examined under optical microscope 
and an image was recorded for each slice. Virtual tangent lines were traced on the canal 
walls and the acrylic posts’ sections at four points; the cement thicknesses were measured 
lines perpendicular to the tangents as the minimum distances between the canal wall and 
the post perimeter.  
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Figure 18. Microscopic picture for a cross-section of a sample showing where the Virtual 
tangent lines were traced on the canal walls and the acrylic posts’ section at 4 points. The 
length of these lines represents the cement gap. Magnification 5x.  
 
In order to obtain a more accurate representation for the gap area around the posts, 
another method was performed by following the post outline to get the cross section area 
of the post. The outline of the post preparation area was measured using the same 
technique. The following formula was used to calculate the cement gap:  
post preparation – post area = total cross section area of cement   
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Figure 19. Microscopic picture for a cross-section of a sample showing the margins of the 
post preparation and the post area. magnification 5x. 
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Epoxy Resin Blocks Preparation 
Metal posts templates were made to simulate the post preparations for each group. 
Eight groups were created as shown in the following table:  
 
Length 8mm 10mm 
Taper 
degree 4
o 6 o 4 o 6 o 
Post tip 
diameter 0.8 1 0.8 1 0.8 1 0.8 1 
 Group A B C D E F G H 
   Table 2: Group variations in the study. 
 
The epoxy resin used in this study (EpoxiCure 2, Buehler ITW, Lake Bluff, Illinois) is a 
clear resin for general purpose metallurgical sample embedding. The epoxy was supplied 
as a two-container system, 3.78 liters of epoxy resin, and 0.95 liters of epoxy hardener. 
Manufacturer’s instructions for mixing at room temperature were one-part hardener and 
five parts resin (1:5), mixed thoroughly and then poured into polymeric preforms that held 
the blocks in place.  
The outer mold of the resin blocks was an acrylic tube 38 mm (1.5 inches) external 
diameter, supplied by McMaster Carr, Princeton, NJ. The acrylic tube was cut into two- 
inch segments. Each segment formed the outer mold of the epoxy resin blocks. The acrylic 
tube segments slipped over a base holding the metal post templates that were manufactured 
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according to Table 2 variations. The mixed epoxy resin was poured into each mold. The 
curing time at room temperature is six hours when mixed according to the manufacturer’s 
instructions (Figure 21).  
                             
Figure 21. Metal post template before and after placement of the acrylic tube and an epoxy 
resin is poured inside.  
 
Several reasons influenced our decision in using resin blocks instead of human teeth, such 
as:  
1-The constant size and shape of the blocks made it easier to perform the experiments with 
more uniformity. This would have been much more difficult to attain had we used a 
natural tooth model. 
2-The manufactured blocks could me made quickly and inexpensively.  
3-The epoxy resin blocks could be easily marked and identified in order to register results 
with high accuracy. 
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Scanning and Data Acquisition 
After the epoxy resin blocks were fabricated, one specimen in each group was 
evaluated and directly scanned without taking an impression using a CEREC InEos BLUE 
cam (Sirona Dental Systems Inc, New York, USA). Each specimen was sprayed using 
CEREC Optispray (Sirona Dental Systems Inc, New York, USA) according to the 
manufacturer’s instructions. Each scan was named according to the represented group. 
Each scan was imported to CEREC software V3.8 (Sirona Dental Systems Inc, New York, 
USA). Since the option of post and core restoration is not available in the main menu, a 
crown option was selected. The finish line was identified. A digital model for the post was 
designed and an endo mode was selected. The finished design information was transferred 
to the milling machine, a CEREC Inlab (Sirona Dental Systems Inc, New York, USA). A 
cone bur 14 (left) and cylinder pointed (right) were selected for the endo mode. Burs were 
changed every five millings.  
Fabricating the Acrylic Blocks for Milling 
          Acrylic blocks suitable for use with Sirona CEREC Inlab (Sirona Dental Systems 
Inc,New York, USA) milling unit were machined from acrylic bars.  Block size was 15 
mm x 19 mm x 39 mm.  Blocks were bonded with Epoxy Adhesive (3M, Scotch-Weld and 
EPX, MN, USA) to stubs retrieved from used CEREC blocks, using a fixture to assure 
proper positioning and alignment.  Stubs were cleaned using grit SiC paper size medium 
269 µm (Allied, CA, USA). 
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Figure 22. A fabricated acrylic block ready for milling. 
 
Sample Preparation 
All posts were cemented with Patterson® Zinc Cement (Patterson Dental Supply, MN, 
USA) according to manufacturer’s instructions. The posts and the blocks were checked to 
ensure complete cleanliness and dryness of the fitting surfaces. The mixed cement was 
applied on the surfaces then the post was placed into the simulated canal with light pressure 
until its fully seated, which was designed to be when the lower surface of the core was even  
with the outer surface of the acrylic block. All excess cement was removed using 
disposable brushes. All samples were kept under a cementation jig consisting of a metal 
frame with weight-loaded rods to deliver an equal cementation force of 1,393g to each post 
for 24 hours (Figure 23).  
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Figure 23: Cementation jig consisting of a metal frame with rods to deliver equal 
cementation force to the posts.  
 
Each bonded specimen was fixed to a re-usable chuck and cross sectioned starting from 
the coronal end, into three slices of 2.0 mm thickness each under distilled water coolant 
with an Isomet saw (Buehler, Illinois, USA). Each slice was marked on its coronal side 
with an indelible marker to identify the target side during the measurements.  
Sample Imaging  
The coronal side of each section in each sample was imaged using light microscopy, 
an IVS FSF Metallurgical (Leica microsystems, Wetzlar, Germany), JVC color video 
camera head (JVC KENWOOD Corporation, Tokyo, Japan) and VidCap software (Video 
Capture Tool, Microsoft Corporation). For each cross section, all mesial, distal buccal and 
lingual surfaces were viewed and photographed at a magnification of 5X (Figure 17).  
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Cement Gap Measurement  
The cement gap between the post preparation and the post was measured in each 
section by two methods using Image J software (National Institutes of Health).  
First method: following the outline of the post to get the total cross section of the post 
then outlining the cross section post preparation area. The following formula was used to 
calculate the cement gap (Figure 19):  
        post preparation – post area = total cross section area of cement 
 Second method: the lengths in four different areas opposite to each other were selected in           
the biggest area and in the smallest area and marked on each image between the post margin 
and the preparation. Four measurements were collected in each section.    
All measurements were taken by one evaluator.  
Cast Posts Preparation  
Eight epoxy resin blocks, one of each group were used for cast posts groups. An impression 
of the post space was made using Pattern Resin LS Self-Curing Acrylic Die (GC America, 
Inc., Alsip, IL) and Duralay Plastic Pins (Reliance Dental Mfg Co., Worth, Ill.). The acrylic 
pattern was invested with Gypsum Investment Beauty-Cast (Whip Mix Corp., Louisville, 
KY) following the manufacturer’s instructions then burned-out using a two-stage 
automatic furnace (JELRUS, Louisville, KY). 
A molten casting alloy metal (Ney® 76, Dentsply International Inc. PA, USA) was cast 
into the mold using a dental laboratory centrifugal casting machine. 
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Data Management  
Three different approaches were followed for data analysis. A univariate approach to 
descriptive findings, analysis of variance “two-way ANOVA” was used to examine the 
effect of tip diameter, post length and post taper on cement gap thickness.  Multiple linear 
regression was used to assess the mean cement thickness around the posts after controlling 
for the other confounding factors. The multiple linear regression test was used to compare 
the results between the first two methods of measurement to assess if there was any 
difference in the outcomes. Finally, a comparison of the means between the CAD/CAM 
groups and Cast group was employed to determine if there was any significant difference. 
All statistical analyses were done with 0.05 significance using SAS statistical analysis 
software, version 9.1.  
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Chapter Three 
Results 
Statistical Analysis 
A set of statistical analyses that included descriptive analysis, two models of two-
way ANOVA tests, and a linear regression mode were used to assess the cement thickness 
around the posts. Each test was used for both methods of cement thickness measurement.  
First, the descriptive analysis including mean, standard deviation and coefficient 
of variation of cement thickness of two different methods of cement thickness 
measurements with different post tip diameter, length and taper were done as described in 
the material and methods section.  
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It is notable that the mean cement thickness is bigger in the coronal section 
compared to the middle and apical sections when the cement measurement was done by 
taking the area around the post. The apical section has the greatest mean compared to the 
other sections when the cement gap was measured using the length in four points. 
Additionally, the results indicated that the mean cement thickness is the smallest in groups 
F 84.29 (± 9.44) microns and D 89.37(±10.7) microns (Table 4). Both groups share a 1mm 
tip diameter. The mean of the cement thickness was seen to be the greatest with groups C 
154.14 ± 30.05 microns and E 133 ± 15.9 microns where both groups share a 0.8mm tip 
diameter (Table 4).  
When the cement thickness was measured at four points, the mean of the cement 
thickness was always smaller when the tip diameter was larger.  
Comparing CAD/CAM groups to the cast group (Table 5), the cast samples have a 
smaller mean gap cement value in comparison with CAD/CAM groups except in group D. 
The minimum cement gap is 55.92 microns in the cast group and 84.29 microns for 
CAD/CAM groups. The maximum cement gap is 119.67 microns in the cast group while 
the CAD/CAM group maximum cement gap is 154.14 microns. 
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Table 5: Comparison of mean cement gap between cast groups and CAD/CAM groups. 
  
Next, sets of two-way ANOVA tests were performed. In the first set, the accuracy of the 
fit for the posts was estimated when one of the three independent factors is fixed (length, 
taper and tip diameter) and the mean cement gap around the post was estimated on the level 
of the other two factors. The global two-way ANOVA is statistically significant with p-
value 0.053. There is an increase in the mean of the cement gap by 10 microns as the taper 
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changed from 0.06 mm to 0.04 mm but this difference is statistically not significant. 
However, after controlling for the effect of the taper, the effect of the tip diameter has a 
stronger effect on the cement gap of the 8 mm length posts. The mean of the cement gap is 
decreased when the tip diameter is increased from 0.8 mm to 1 mm, with mean cement gap 
equal to 147.1 microns and 114 microns respectively. The effect of the tip diameter on the 
cement gap of the 8 mm length posts was statistically significant with p-value less than 
0.001 (Table 6).  
Table 6: Two-way ANOVA assessing the effect of different taper and tip diameter on the 
cement gap in 8 mm length posts.  
8 MM Post Length 
p-value of overall ANOVA <0.0001* 
Variable  Level  Mean of Cement Gap p-value 
Taper 
0.04 
mm 139.427 
0.0532 
0.06 
mm 121.76 
Tip Diameter 
0.8 
mm 147.1 
0.00054* 1 mm 114 
* Statistically significant       **Unit of measurement is square microns 
 
Another set of two-way ANOVA tests were performed when tapers were fixed to 0.04 mm 
and 0.06 mm to evaluate the effect of the length and the tip diameter on the cement gap. 
The cement gap decreased as the post length increased from 8mm to 10mm. This difference 
is statistically significant with p-value less than 0.0001 on the 0.04 mm taper. However, 
the difference with 0.06 mm taper is not statistically significant, with p-value equal to 0.19. 
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The tip diameter factor is statistically significant in both tapers with p-value less than 0.05. 
The mean of the cement gap decreased by 25 microns with 0.04 mm tapers when the tip 
was increased from 0.8mm to 1mm and 19 microns when the tip diameter was increased 
from 0.8mm to 1 mm in 0.06 mm taper samples (Table 7). 
Table 7: Two-way ANOVA assessing the effect of different length and tip diameter on the 
cement gap in 0.04 mm and 0.06 mm taper posts.  
0.04 mm Post Taper  
p-value of overall ANOVA <0.001* 
Variable  Level  Mean of Cement Thickness p-value 
Length 8 mm 139.427 0.00016* 
10 mm 108.656 
Tip Diameter 0.8 mm 136.615 0.00155* 
1 mm 111.469 
 * Statistically significant        **Unit of measurement is square microns  
    
0.06 mm Post Taper  
p-value of overall ANOVA <0.001* 
Variable  Level  Mean of Cement Thickness p-value 
Length 8 mm 121.76 0.19 
10 mm 110.198 
Tip Diameter 0.8 mm 125.781 0.030* 
1 mm 106.177 
* Statistically significant        **Unit of measurement is square microns 
 
The final set of the two-way ANOVA tests was performed to evaluate the effect of the 
length and the taper when the tip diameter was fixed. Interestingly, there was no significant 
difference in the cement gap between the 0.04 mm and the 0.06 mm taper when the tip 
diameter was fixed, with p-value equal to 0.15 when the tip diameter was 0.8 mm and 0.54 
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when the tip diameter was 1 mm. The cement gap decreased as the post length increased.  
The cement gap differences between the 8 mm posts and the 10 mm posts are statistically 
significant in the 0.8 mm tip diameter; where the p-value was less than 0.0001. It was not 
significant with 1 mm tip diameters; where the p-value equal to 0.23 (Table 8).  
Table 8: Two-way ANOVA assessing the effect of different taper and length on the cement 
gap in 0.8 and 1mm tip diameter posts.  
0.8mm Post Tip Diameter  
p-value of overall ANOVA <0.001* 
Variable  Level  Mean of Cement Thickness p-value 
Length 8 mm 147.177 0.0001* 
10 mm 115.219 
Taper 0.04 mm 136.615 0.15 
0.06 mm 125.781 
* Statistically significant        **Unit of measurement is square microns 
    
1 mm Post Tip Diameter  
p-value of overall ANOVA <0.001* 
Variable  Level  Mean of Cement Thickness p-value 
Length 8 mm 114.01 0.23 
10 mm 103.635 
Taper 0.04 mm 111.469 0.54 
0.06 mm 106.177 
* Statistically significant        **Unit of measurement is square microns 
 
Based on these two-way ANOVA tests, it can be concluded that the cement gap between 
the post and the acrylic wall is totally dependent on and affected by the tip diameter size. 
It was found that as the tip diameter increased, the cement gap decreased. It was also found 
that as the length of the post increased, the cement gap decreased.  
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As previously discussed, two-way ANOVA models were able to assess the effect of two 
factors at a time. Our independent factors are three. These factors are post length, taper and 
tip diameter. However, there is an interaction between these factors that might affect the 
cement gap. In order to control all other covariates at the same time, a linear regression 
analysis was performed. Multiple linear regression has the statistical capability to estimate 
the sole effect of each factor while standardizing the effect of all other covariates.  
Table 9 shows that if all the covariates were controlled and standardized, the tip diameter 
has an effect on the cement gap thickness. It indicates that as the tip diameter is decreased 
from 1mm to 0.8 mm, the cement gap is increased by 22.3 microns. This increase in the 
cement gap is statistically significant with p-value less than 0.001. On the other hand, there 
is a decrease of 21.1 microns in the cement gap as the length of the post is increased from 
8 mm to 10 mm. This decrease in the cement gap is statistically significant, with p-value 
less than 0.001 
 
The cement gap is decreased by only 4 microns only when the taper is changed from 0.04 
mm to 0.06 mm but this change is not statistically significant, with p-value equal to 0.16.  
In conclusion, when the cement gap is measured at four points around the post taking in 
consideration the largest and the smallest length, as described in the materials and methods 
section, the cement gap decreased when the tip diameter is increased. 
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Table 9: Linear regression model estimating the unbiased effect of different factors on cement gap after 
controlling the other potential covariates (four points measurement) 
Variable Level β estimate 
** 
p-value 
Length 8 mm Ref.   
10 mm -21.1 <0.001* 
Taper 0.06 mm Ref.   
0.04 mm 8 0.16 
Tip Diameter 1 mm Ref.   
0.8 mm 22.3 <0.001* 
Cut Level Coronal Ref.   
Middle 8.8 0.21 
Apical 4.8 0.49 
* Statistically significant        **Unit of measurement is microns 
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Chapter Four 
Discussion  
The overall objective of this study was to answer the following questions: 
1) Is it possible to fabricate custom posts using CAD/CAM technology?  
2) If the answer is yes, what factors can contribute the most in the accuracy of fit for 
CAD/CAM posts? 
3) Are CAD/CAM posts comparable to cast posts and pre-fabricated posts when it 
comes to cement gap thickness? 
Is it possible to fabricate custom posts using CAD/CAM technology?  
Posts and cores can be categorized into prefabricated and custom fabricated posts. Custom 
posts are more favorable in noncircular or irregular shape canals because they will have 
precise adaptation to the canal. However, prefabricated posts systems are supplied with 
special drills that match the post’s shape and size. In the case of noncircular canals, for 
example an oval shape, such as in premolar teeth, the drill preparation and the matched 
post will lead to a larger size disparity between the canal preparation and the post compared 
to the custom post resulting in a thicker layer of cement. This thicker layer of cement can 
compromise post retention due to bubbles or voids between the cement particles. 
Unfortunately, traditional custom posts take more steps to create and need at least two 
appointments in order to get them ready for cementation. One of the advantages of 
fabricating a custom post using CAD/CAM technology is that the post can be fabricated in 
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one visit. However, when it comes to post and core, dental literature showed that for most 
actual cases reported on and also for in vivo studies, an impression material was used to 
capture the canal morphology. An optical scanner was then used to digitalize the physical 
impression into data that could be transferred to the accompanying software to process the 
images, then the object was reconstructed based on this virtual model (72-75).  Our study 
is the first in dental literature, which tried and succeeded to capture a simulated canal model 
with both 8mm and 10mm depth directly, without the need for a physical impression for 
the model. This method is more practical and saves time. It is also the first study that 
evaluated the length, tip diameter and the taper and their effect on the accuracy of fit of 
CAD/CAM posts. A study by Guth, compared the accuracy of direct and indirect data 
capturing of four-unit FPDs. He concluded that direct digitalization seems to have higher 
accuracy compared to the conventional procedure of taking impression then indirect 
digitalization of cast model by 19 microns (70). 3Shape (Copenhagen K Denmark) is the 
only company in the market that has a post and core solution by using specially developed 
scan posts to facilitate the accurate capture of the post and core restoration. These scan 
posts match most of the major drill supplier systems. 3Shape post and core system does 
not offer the advantage of fabricating a custom post, because the clinician has to use a drill 
to make the post preparation. Dental literature is in need of in vivo and in vitro studies that 
evaluate the accuracy of fit of milled posts using CAD/CAM machines. Bittner, in 2010, 
demonstrated the capability of the Sirona CAD/CAM system (Sirona inLab milling unit) 
to fabricate a custom post and core. However, the posts of the CAD/CAM group were 
adjusted after the milling as necessary to obtain a closer fit. In our study, we started with 
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the MC XL machine. This new version can accept only the step bur and the cylinder pointed 
bur, both of which have a step or two along the length of the bur. This step has a dramatic 
change on the finishing of the post design. The inLab milling machine, on the other hand 
uses a cone bur.  With the selection of this type of bur the design of the same scan is 
changed accordingly (Figure 24). 
 
Figure 24.  A digital model for post and core before milling. Two pictures showing the 
same data file. Irregularity and step in the middle of the post (left) and smooth surface and 
better shape (right) only by changing the bur selection from step bur to cone bur.  
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Figure 25: From Sirona brochure showing the compatible burs for MC XL milling 
machine. Notice that all the burs have a step on them.  
 
Figure 26: From Sirona brochure showing the compatible burs for the inLab milling 
machine. Notice that the cone bur has a smooth and continuous taper compared to the step 
burs.  
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After much trial and error, we determined the best combination for post milling which 
eliminated the need to adjust the posts after milling the adjustments caused some 
discrepancies in the accuracy of fit measurements. It was hard to control the amount of the 
adjustment each sample needed. We found that the CEREC inLab with cone bur and 
cylinder bur can fabricate posts which did not need any adjustment after the milling 
process. The limitation with this combination is that the blocks available for this kind of 
bur, with the dimension of 15.5 mm x 19 mm x 39 mm, are used for temporary restorations. 
These blocks are big and used for more than one unit. Milling only one post from such a 
block was not economically feasible. The decision was made to fabricate our own acrylic 
blocks, to cut the cost and the waste from each block. The aim was to test the capability of 
the CEREC inLab machine to fabricate the post and to evaluate the factors affecting the 
accuracy of the fit independent of the material used or the possibility of any clinical benefits 
at this stage.  
What factors can contribute the most to the accuracy of fit for CAD/CAM posts? 
One of the major objectives of this study was to evaluate which factor of the following 
affected the accuracy of fit of the CAD/CAM posts.  
Post length: The length of the post is an important factor in posts’ design. It significantly 
affects the retention from vertical dislodging forces. In this study we choose 8 mm and the 
10 mm, the most common post lengths in clinical scenarios and which match the dental 
literature (57,72,75). Of course in some cases the length can reach to 13 or 15 mm, such as 
in upper canines. This study showed that as the post length was changed from 8 mm to 10 
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mm the cement gap is decreased and this difference was significant (Table 9). This can be 
explained by two different scenarios. The first one, as the length increases the orifice of 
the simulated canal gets bigger due to the accumulated taper percentage. For example, if 
both posts share the same taper (0.06 mm) and same tip diameter (1mm) but have different 
lengths (8mm and 10mm), the entrance of the post preparation will be 1.48 mm and 1.60 
mm in diameter respectively. This difference in width might facilitate the ability of the 
Optispray® to reach the full length and sides of the simulated canal walls. It gives a larger 
opening for a better scan with the blue cam. The second explanation is that since the 
thickness of each sample slice is 2 mm, in the 8 mm length posts the apical cut is 2 mm 
away from the post end while for the 10 mm length it is 4 mm away from the post end and 
as we go more apically the accuracy of the scanning might get adversely affected the most.  
Taper: As discussed in the introduction, parallel posts are more retentive and distribute the 
stress uniformly along the post length. However, they are not conservative and they don’t 
follow the natural anatomy of the canal. CAD/CAM technology has a limitation when it 
comes to designing posts or any other restoration where the vertical wall exceeds 4 mm in 
length due to the step bur configuration (Figure 27). The step bur is used to mill the fitting 
surface of the restoration, and in the case of the post, the entire post because the post is 
considered as a fitting surface for the restoration. Any vertical wall of the restoration that 
is 4 mm in length or more should have a 3o taper or greater. This might explain why with 
the step bur selection we have a small step in the middle of the post (Figure 24) This issue 
does not exist with cone bur.  
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Figure 27: From CEREC 3D Preparation Guidelines: Showing the maximum height of the 
vertical wall of the restoration and the taper required when the restoration exceed the 4 mm 
in length.  
 
 
This study showed that increasing the taper by 0.02 mm improved the fit by 8 microns 
(Table 9). However, this difference is statistically not significant. This could be because 
the taper difference between 0.04 mm and 0.06 mm has less effect on the orifice size 
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compared to tip diameter and length. CAD/CAM technology uses laser beam reflection 
from a mirror onto an object. The scattered light from the object is collected by a video 
camera located at a known triangulation distance from the laser. Using simple 
trigonometry, the 3D spatial (XYZ) coordinates of a surface point can be determined. Thus, 
it is easier to effectively spray the powder and to collect the reflected laser beam. 
Tip Diameter: The tip of the post is a critical area as it is the deepest point that fits the canal 
where removal of more tooth structure will increase the risk of root fracture. Preservation 
of the canal’s dentin especially at the apical end is an objective that we should keep in mind 
during post preparation. It should be as small as possible but also as small as practical to 
have enough material thickness.  According to CEREC 3D Preparation Guidelines, a 
minimum thickness value of 1mm is recommended. Most of the prefabricated post systems 
provide a range between 0.9-1.7 mm in tip thickness, and depending on the canal size you 
can choose between the different sizes. In this study, a post milling was attempted using 
VITA ENAMIC blocks (VITA Zahnfabrik, Säckingen) and IPS e.max (Ivoclar Vivadent 
Inc. Amherst, NY) to test the capability for these materials to achieve the minimal diameter 
of 1 mm but both materials broke in the middle of the post during the milling process. Our 
study shows that the tip diameter has the strongest effect among all other factors on the 
accuracy of fit. A 1mm tip has a better accuracy than an 0.8mm tip by 22 microns and this 
difference was statistically significant. Tip diameter has the biggest effect on the orifice 
size as all the groups with 1mm tips had a minimum of 1.32 mm.  
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  Table 10: Orifice size difference among the groups 
 
Group 
Length 
(mm) Taper (mm)  
Tip 
diameter 
(mm) 
Orifice 
Size (mm) 
A 8 0.04 0.8 1.12 
B 8 0.04 1 1.32 
C 8 0.06 0.8 1.28 
D 8 0.06 1 1.48 
E 10 0.04 0.8 1.2 
F 10 0.04 1 1.4 
G 10 0.06 0.8 1.4 
H 10 0.06 1 1.6 
 
 
Are CAD/CAM posts comparable to cast posts and pre-fabricated posts when it 
comes to cement gap thickness? 
Mean cement thickness was the lowest in group F and D, 84 and 89 microns respectively. 
The mean cement thickness among all CAD/CAM groups ranged between 84 and 154 
microns (Table 4). Dental literature does not report a conclusive number or an ideal 
thickness for the cement around the post. It is controversial that a thin layer of cement can 
improve the quality of the retention. One of the reasons can be related to the formation of 
bubbles or voids between the cement particles that lead to weakness within the material 
that is less likely to be seen in a thin layer of cement. Another reason can be related to the 
high C-factor (ratio between bonded and non-bonded surfaces) in resin cement that leads 
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to higher polymerization stress resulting in lower bond strength.  In our study bubbles or 
voids were more prevalent in the apical sections compared to the coronal and middle 
sections.  This indicates more reliable bonding quality in the coronal than apical areas, that 
is consistent with the dental literature (55,61) . D’Arcangelo et al. showed that for quartz 
fiber-reinforced post resin luting cement, the highest bond strength values were obtained 
when the post space was between 100-300 microns and not obtained when the thinnest 
cement layer was tested (57). Another study by Perdigao et al. showed that three different 
cement thicknesses, ranging between 400-700 microns, did not affect the push-out bond 
strengths (55). Conversely, Egilmez et al. showed in his study that the bond strength was 
significantly decreased when the gap was 300 microns (61). The downside of the pre-
fabricated posts is that the drill is round in shape and if the canal is oval, that will leave a 
bigger space around the posts compared to custom posts. Coniglio et al. showed that when 
using a pre-fabricated circular post in a premolar (oval shape canal) a modification of the 
canal’s shape is needed in order to fit the round post in. This necessitates removing more 
sound dentin to fit the post. In contrast, using undersized posts will result in an increase of 
cement volume (43), resulting in a gap of 363 microns around the post. In the present 
investigation, the largest cement thickness mean was 154 microns; this cement thickness 
is in the range that was recommended by D’Arcangelo in his study. Our study, to the best 
of our knowledge, is the first that examined the cement gap around cast posts. The cement 
gap range was between 55-119 microns with a mean of 81 microns. In groups D, E and F 
the difference between the cast group and the CAD/CAM group is minimal. In fact, group 
D has less cement thickness compared to that of the cast group. The general outcome of 
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this study is that CEREC CAD/CAM system with inLab scanner has the capability to scan 
the post space directly up to 10 mm in depth. The accuracy of fit for the milled post is 
affected the most by tip diameter and affected more by length than by taper. As the tip 
diameter gets bigger the the accuracy gets better. Further investigations are necessary to 
evaluate other factors such as the scanning method and the maximum length that can be 
captured using this technique.  
 
 
Limitations of the Study 
The following limitations exist in this study: 
• Study was done in vitro and in a controlled environment. Clinical implications can 
not be drawn from the results obtained.  
• The simulated canals are fabricated ideally, which does not represent natural teeth. 
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Conclusions 
Within the limitations of this study, the following conclusions were drawn:  
 
• The data presented in this study showed that CEREC CAD/CAM system can be 
used to fabricate a custom posts by direct scanning of the canal.  
• The system is capable to scan and mill up to 10 mm posts with acceptable accuracy 
of fit in vitro.  
• Tip diameter of a post is the factor affecting accuracy of fit the most. As the tip 
diameter increased from 0.8 to 1mm the cement gap decreased by 22 microns. 
 
Future Studies  
The current study evaluated the accuracy of fit for milled posts using the CEREC 
CAD/CAM system in epoxy resin blocks. Conclusions were based on a laboratory setting 
and for the CEREC system only. Further in vitro studies are needed to evaluate and 
investigate different CAD/CAM systems and the maximum depth for this technique in 
scanning, along with different canal preparation designs  
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APPENDIX 
		 GROUP	A	
		
TOTAL	CROSS	SECTION	AREA	OF	CEMENT	
IN	SQUARE	MICRONS	
CEMENT	THICKNESS	IN	4	POINTS	IN	
MICRONS	
		 CORONAL	 MIDDLE	 APICAL	 CORONAL	 MIDDLE	 APICAL	
Sample	1	 454.60	 482.96	 393.21	 118.00	 174.75	 127.75	
Sample	2	 431.47	 424.38	 425.92	 146.75	 183.50	 157.00	
Sample	3	 371.47	 348.48	 428.81	 92.75	 114.50	 145.25	
Sample	4	 440.18	 411.84	 427.23	 130.25	 133.00	 159.00	
SD	 36.57	 55.16	 17.10	 22.75	 33.04	 14.35	
MEAN	 424.43	 416.92	 418.79	 121.94	 151.44	 147.25	
coefficient	of	
Variance	(CV)	 8.62	 13.23	 4.08	 18.65	 21.82	 9.74	
 
Table 11: Group A, Mean of cement thickness by two different methods of measurements.  
 
GROUP	B	
	
TOTAL	CROSS	SECTION	AREA	OF	CEMENT	
IN	SQUARE	MICRONS	
CEMENT	THICKNESS	IN	4	POINTS	IN	
MICRONS	
	 CORONAL	 MIDDLE	 APICAL	 CORONAL	 MIDDLE	 APICAL	
Sample	1	 597.77	 501.72	 408.14	 159.50	 158.75	 137.25	
Sample	2	 369.95	 334.73	 318.89	 104.50	 90.25	 114.50	
Sample	3	 406.20	 372.47	 507.36	 115.50	 116.00	 175.25	
Sample	4	 478.37	 452.51	 581.89	 145.25	 139.50	 207.50	
SD	 100.47	 75.67	 114.84	 25.55	 29.62	 41.11	
MEAN	 463.07	 415.36	 454.07	 131.19	 126.13	 158.63	
CV	 21.70	 18.22	 25.29	 19.47	 23.49	 25.91	
 
Table 12: Group B, Mean of cement thickness by two different methods of measurements.  
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Table 13: Group A, Mean of cement thickness by two different methods of measurements.  
 
 
GROUP	D	
	
TOTAL	CROSS	SECTION	AREA	OF	CEMENT	
IN	SQUARE	MICRONS	
CEMENT	THICKNESS	IN	4	POINTS	IN	
MICRONS	
	 CORONAL	 MIDDLE	 APICAL	 CORONAL	 MIDDLE	 APICAL	
Sample	1	 384.75	 261.38	 253.29	 92.00	 75.75	 107.25	
Sample	2	 338.91	 241.07	 249.97	 79.75	 78.75	 96.50	
Sample	3	 382.21	 313.04	 282.79	 97.50	 81.25	 85.25	
Sample	4	 320.10	 272.04	 226.95	 93.75	 104.75	 80.00	
SD	 32.11	 30.30	 22.91	 7.68	 13.28	 12.14	
MEAN	 356.49	 271.88	 253.25	 90.75	 85.13	 92.25	
CV	 9.01	 11.14	 9.05	 8.47	 15.59	 13.16	
 
Table 14: Group A, Mean of cement thickness by two different methods of measurements.  
  
 
GROUP	C	
	
TOTAL	CROSS	SECTION	AREA	OF	CEMENT	
IN	SQUARE	MICRONS	
CEMENT	THICKNESS	IN	4	POINTS	IN	
MICRONS	
	 CORONAL	 MIDDLE	 APICAL	 CORONAL	 MIDDLE	 APICAL	
Sample	1	 494.15	 389.23	 348.80	 120.00	 139.00	 122.25	
Sample	2	 625.22	 600.48	 439.08	 181.00	 208.50	 177.25	
Sample	3	 466.41	 394.03	 430.76	 149.75	 161.50	 150.00	
Sample	4	 470.96	 472.43	 316.92	 143.00	 187.75	 109.75	
SD	 75.01	 98.63	 60.44	 25.17	 30.33	 30.10	
MEAN	 514.18	 464.04	 383.89	 148.44	 174.19	 139.81	
CV	 14.59	 21.25	 15.74	 16.96	 17.41	 21.53	
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GROUP	E	
	
TOTAL	CROSS	SECTION	AREA	OF	CEMENT	
IN	SQUARE	MICRONS	
CEMENT	THICKNESS	IN	4	POINTS	IN	
MICRONS	
	 CORONAL	 MIDDLE	 APICAL	 CORONAL	 MIDDLE	 APICAL	
Sample	1	 570.65	 522.70	 434.97	 132.00	 142.75	 125.00	
Sample	2	 614.03	 550.32	 440.93	 156.50	 158.00	 138.50	
Sample	3	 545.36	 433.28	 352.62	 136.25	 122.25	 112.25	
Sample	4	 570.70	 458.85	 318.22	 136.75	 132.50	 103.50	
SD	 28.51	 54.43	 60.89	 10.96	 15.25	 15.27	
MEAN	 575.18	 491.29	 386.69	 140.38	 138.88	 119.81	
CV	 4.96	 11.08	 15.75	 7.81	 10.98	 12.74	
 
Table 15: Group A, Mean of cement thickness by two different methods of measurements.  
 
 
GROUP	F	
	
TOTAL	CROSS	SECTION	AREA	OF	CEMENT	
IN	SQUARE	MICRONS	
CEMENT	THICKNESS	IN	4	POINTS	IN	
MICRONS	
	 CORONAL	 MIDDLE	 APICAL	 CORONAL	 MIDDLE	 APICAL	
Sample	1	 257.67	 226.78	 301.99	 78.50	 78.75	 91.50	
Sample	2	 326.20	 315.03	 445.31	 77.75	 87.75	 96.50	
Sample	3	 296.39	 298.94	 301.43	 86.25	 87.00	 99.00	
Sample	4	 290.63	 253.34	 303.34	 81.00	 63.75	 83.75	
SD	 28.09	 40.67	 71.53	 3.84	 11.15	 6.72	
MEAN	 292.72	 273.52	 338.02	 80.88	 79.31	 92.69	
CV	 9.60	 14.87	 21.16	 4.75	 14.06	 7.26	
 
Table 16: Group A, Mean of cement thickness by two different methods of measurements.  
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GROUP	G	
	
TOTAL	CROSS	SECTION	AREA	OF	CEMENT	
IN	SQUARE	MICRONS	
CEMENT	THICKNESS	IN	4	POINTS	IN	
MICRONS	
	 CORONAL	 MIDDLE	 APICAL	 CORONAL	 MIDDLE	 APICAL	
Sample	1	 366.89	 355.44	 251.40	 83.25	 108.50	 61.75	
Sample	2	 369.63	 355.68	 344.94	 74.00	 96.25	 118.00	
Sample	3	 380.85	 311.50	 336.77	 120.00	 103.00	 92.25	
Sample	4	 463.68	 393.48	 326.35	 107.00	 101.75	 103.25	
SD	 46.01	 33.52	 42.99	 21.16	 5.03	 23.84	
MEAN	 395.26	 354.02	 314.86	 96.06	 102.38	 93.81	
C	 11.64	 9.47	 13.65	 22.03	 4.91	 25.41	
 
Table 17: Group A, Mean of cement thickness by two different methods of measurements.  
 
 
 
 
GROUP	H	
	
TOTAL	CROSS	SECTION	AREA	OF	CEMENT	
IN	SQUARE	MICRONS	
CEMENT	THICKNESS	IN	4	POINTS	IN	
MICRONS	
	 CORONAL	 MIDDLE	 APICAL	 CORONAL	 MIDDLE	 APICAL	
Sample	1	 614.99	 498.63	 422.73	 125.25	 127.75	 114.75	
Sample	2	 650.46	 499.27	 443.95	 120.00	 123.00	 116.00	
Sample	3	 515.02	 582.75	 470.15	 101.75	 134.25	 124.00	
Sample	4	 575.76	 409.03	 400.72	 108.50	 163.00	 117.50	
SD	 58.02	 70.94	 29.66	 10.69	 17.94	 4.11	
MEAN	 589.06	 497.42	 434.39	 113.88	 137.00	 118.06	
CV	 9.85	 14.26	 6.83	 9.39	 13.09	 3.49	
 
Table 18: Group A, Mean of cement thickness by two different methods of measurements.  
 
 
  79 
 GROUP	A	
	 GAP	Radius	in	mm	 GAP	LENGTH	in	mm	
	 CORONAL	 MIDDLE	 APICAL	 CORONAL	 MIDDLE	 APICAL	
sample	1	 141	 172	 170	 118	 175	 128	
sample	2	 135	 158	 205	 147	 184	 157	
sample	3	 109	 114	 207	 93	 115	 145	
sample	4	 125	 137	 206	 130	 133	 159	
SD	 14	 25	 18	 23	 33	 14	
MEAN	 127	 145	 197	 122	 151	 147	
CV	 11	 17	 9	 19	 22	 10	
 
 
 GROUP	B	
	 GAP	Radius	in	mm	 GAP	LENGTH	in	mm	
	 CORONAL	 MIDDLE	 APICAL	 CORONAL	 MIDDLE	 APICAL	
sample	1	 172	 155	 172	 160	 159	 137	
sample	2	 106	 106	 142	 105	 90	 115	
sample	3	 122	 124	 227	 116	 116	 175	
sample	4	 135	 145	 271	 145	 140	 208	
SD	 28	 22	 57	 26	 30	 41	
MEAN	 134	 132	 203	 131	 126	 159	
CV	 21	 17	 28	 19	 23	 26	
 
 GROUP	C	
	 GAP	Radius	in	mm	 GAP	LENGTH	in	mm	
	 CORONAL	 MIDDLE	 APICAL	 CORONAL	 MIDDLE	 APICAL	
sample	1	 129	 123	 163	 120	 139	 122	
sample	2	 178	 207	 212	 181	 209	 177	
sample	3	 144	 158	 209	 150	 162	 150	
sample	4	 146	 166	 139	 143	 188	 110	
SD	 21	 35	 35	 25	 30	 30	
MEAN	 149	 164	 181	 148	 174	 140	
CV	 14	 21	 20	 17	 17	 22	
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 GROUP	D	
	 GAP	Radius	in	mm	 GAP	LENGTH	in	mm	
	 CORONAL	 MIDDLE	 APICAL	 CORONAL	 MIDDLE	 APICAL	
sample	1	 92	 70	 96	 92	 76	 107	
sample	2	 77	 75	 91	 80	 79	 97	
sample	3	 92	 64	 94	 98	 81	 85	
sample	4	 105	 83	 112	 94	 105	 80	
SD	 11	 8	 10	 8	 13	 12	
MEAN	 91	 73	 98	 91	 85	 92	
CV	 12	 11	 10	 8	 16	 13	
 
 GROUP	E	
	 GAP	Radius	in	mm	 GAP	LENGTH	in	mm	
	 CORONAL	 MIDDLE	 APICAL	 CORONAL	 MIDDLE	 APICAL	
sample	1	 134	 144	 161	 132	 143	 125	
sample	2	 146	 150	 172	 157	 158	 139	
sample	3	 133	 123	 142	 136	 122	 112	
sample	4	 138	 134	 137	 137	 133	 104	
SD	 6	 12	 17	 11	 15	 15	
MEAN	 138	 138	 153	 140	 139	 120	
CV	 4	 9	 11	 8	 11	 13	
 
 GROUP	F	
	 GAP	Radius	in	mm	 GAP	LENGTH	in	mm	
	 CORONAL	 MIDDLE	 APICAL	 CORONAL	 MIDDLE	 APICAL	
sample	1	 72	 73	 126	 79	 79	 92	
sample	2	 85	 91	 174	 78	 88	 97	
sample	3	 78	 87	 174	 86	 87	 99	
sample	4	 90	 92	 123	 81	 64	 84	
SD	 8	 9	 29	 4	 11	 7	
MEAN	 81	 86	 149	 81	 79	 93	
CV	 10	 11	 19	 5	 14	 7	
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 GROUP	G	
	 GAP	Radius	in	mm	 GAP	LENGTH	in	mm	
	 CORONAL	 MIDDLE	 APICAL	 CORONAL	 MIDDLE	 APICAL	
sample	1	 78	 89	 90	 83	 109	 62	
sample	2	 90	 98	 145	 74	 96	 118	
sample	3	 84	 77	 121	 120	 103	 92	
sample	4	 105	 100	 116	 107	 102	 103	
SD	 12	 10	 23	 21	 5	 24	
MEAN	 89	 91	 118	 96	 102	 94	
CV	 13	 11	 19	 22	 5	 25	
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